It now seems reasonable to postulate that in the hypothalamus there exists a mechanism that is peculiarly concerned with the release of ovulating hormone and through which changes in the external environment and in the ovarian hormones may influence pituitary function. Markee et al. (1948) produced ovulation by instilling epinephrine directly into the pars distalis or into the third ventricle. This pituitary activation was blocked either by atropine or by such an antiadrenergic agent as Dibenamine (Sawyer et al., 1947; Everett et al., 1949; Sawyer et al., 1949a , Van Tienhoven, 1955 Zarrow and Bastian, 1953; Kobayashi, 1956 ). Since then, there has been extensive support for a hypothesis that adrenergic as well as cholinergic mechanisms in the hypothalamus are involved in the ovulatory release of gonadotropic hormones (Kobayashi, 1956 ).
The use of biochemical analysis in tissue metabolism afford a new approach to the problem of the neural control of ovulation. As previously reported, the characteristic fluctuation in the contents of choline acetylase (Kobayashi et al., 1963a) , an enzyme responsible for synthesis of acetylcholine, and of the acetylcholine-like substance (Gitsh, 1952a and b; Kuwajima, 1957) in the hypothalamus of the rat was found to correlate with changes of vaginal smear in the estrous cycle and those after castration. These observations indicate a cholinergic mechanism of the hypothalamus being intimately correlated with gonadotropin secretion. However, a biochemical approach to the adrenergic mechanism has not been made with respect to reproductive function. There is much evidence for the view that norepinephrine of the hypothalamus plays an important role in certain of its function (Dell et al., 1954; Rothballer, 1956; Magoun, 1958; Vogt, 1959; Carlsson, 1959) . Monoamine oxidase appears to be the enzyme largely responsible for the inactivation of brain norepinephrine (Blaschko et al., 1937; Blaschko, 1952; Brodie et al., 1959) . The present study was designed to investigate the role of monoamine oxidase in the hypothalamus of the rat during the estrous cycle and after castration. 
RESULTS
Monoamine oxidase activity in the brain of rats during the estrous cycle The enzyme activities in the anterior and posterior parts of the hypothalamus: Fifty-three rats with regular vaginal cycles were used. As indicated in Table 1 , the mean values of the enzyme activity in the posterior hypothalamus during the estrous cycle were in the following order:proestrus>estrus>metestrus> diestrus, the activity in the proestrus being the highest.
The enzyme activity in the proestrus showed a statistically significant difference(P<0.05), as compared with those of the other stages. In contrast to the fluctuation of the posterior hypothalamus the mean values of the enzyme activity in the anterior part of the hypothalamus did not change significantly throughout the estrous cycle( The enzyme activity in the frontal cortex:
The monoamine oxidase activities of the cortices were assayed at the same time as the hypothalami in 51 rats. There were no significant differences among the values obtained throughout the cycle (Table  2) . As previously reported (Kobayashi et al., 1963a) , the choline acetylase activity in the hypothalamus of the rat also changed cyclically during the estrous cycle. In order to compare these fluctuations of monoamine oxidase and choline acetylase activities in the hypothalamus, the results are expressed as the percentage changes in the enzyme activities( group are expressed as 0%, changes in the proestrous group result in a 4.0 and 13.4% increase, respectively, in the monoamine oxidase activities of the anterior and posterior parts and in an 11.5% decrease in the choline acetylase activity of the hypothalamus. Althugh there were no marked changes in the enzyme activities of the metestrous group, the choline acetylase activitiy of the estrous group still indicated an 11.9% decrease as compared with the activities of the diestrous group.
Thus, the fluctuations of both enzyme activities in the hypothalamus of the rat during the estrous cycle are characterized by the proestrous increase of monoamine oxidase activity and the proestrous and estrous decrease of choline acetylase activity.
Effect of castration on the monoamine oxidase activity in the brain of female rats
The enzyme activities in the anterior and posterior parts of the hypothalamus: To investigate the effect of castration on the monoamine oxidase activity in the hypothalamus of the female rat, 54 rats having estrous cycles were castrated. According to the number of days after castration, the rats were divided into groups of 7, 14, 21, 30, 40, 50, 60 , and 150 days. The enzyme activities in the anterior and posterior hypothalami of spayed adult female rats were assayed and compared with those of intact control rats with regular estrous cycles. No difference in enzyme activity was found in control rats comparable in age to the various castrated groups. As indicated in Table 3 , the enzyme activity in the an- terior hypothalamus fluctuated in a biphasic pattern during the earlier stages following the castration.
Fourteen days after castration, the enzyme activity showed a significant decrease as compared with that of the intact control group (P<0.05).
This was followed by an increase at the 30th day after castration (P<0.05), but at the day 40th the enzyme activity again started to decline. It gradually reached the control level at the 60th day and remained there at 150 days after castration.
The monoamine oxidase activity in the posterior hypothalamus did not fluctuate for 3 weeks after castration, but, thereafter, it showed a marked MONOAMINE OXIDASE IN RAT HYPOTHALAMUS increase. The mean values of enzyme activities in the posterior hypothalami of rats 21 days and 30 days after castration when compared with those of control rats with intact gonads showed a highly significant increase(P<0.01); this difference(P<0.05) persisted at 50 days and 60 days after castration. Then the enzyme activity had a tendency to return to the normal level of control rats and 150 days after castration there was no significant difference when compared with that of control rats.
The enzyme activity in the frontal cortex:
The monoamine oxidase activities of the cortices were assayed at the same time as the hypothalami in 51 rats at various days after castration and compared with that of intact control rats with regular cycles. There were no significant differences between the values of enzyme activities in the frontal cortices of rats after castration and those intact controls (Table  4) . Thus, the changes in monoamine oxidase activity in the hypothalami of female rats after castration are characterized by a temporary decrease of the enzyme activity in the anterior hypothalamus at the earlier stages after castration and, thereafter, a marked increase of enzyme activity both the anterior and posterior parts of the hypothalamus.
DISCUSSION
Detailed study of the distribution of epinephrine and norepinephrine in the brain has shown that the concentrations of these amines are quite uneven. The highest concentration was found especially in the hypothalamus and in regions belonging to the so called reticular formation (Vogt, 1954; Carlsson, 1959; Sano et al., 1959) . The uneven distribution of a pharmacologically active substance in the brain strongly suggests that the agent has a role to play in the special function of those regions where its concentration is high. Enzymic alteration of these catecholamines to physiologically inactive metabolites is mainly by way of oxidative deamination by monoamine oxidase and O-methylation by catechol-O-et al. Vol.11, No.4 methyltransferase (Blaschko et al., 1937; Blaschko, 1952; Armstrong et al., 1957; Armstrong and McMillan, 1959) . Study of the distribution of monoamine oxidase in the brain has indicated that the activity of this enzyme is also high in the hypothalamus (Bogdanski, 1957; Kobayashi et al., 1963b) .
Compounds which inhibit the enzyme, monoamine oxidase, can interfere with the destruction of norepinephrine and serotonin in the brain, thereby causing a rise in the levels of these amines (Zeller and Barsky, 1952; Brodie, 1959) . Prolonged oral administration to immature female rats of iproniazid dihydrochloride, a monoamine oxidase inhibitor, retarded sexual maturation (Setnikar et al., 1960; Robson and Botros, 1961) . By the prolonged administration of monoamine oxidase inhibitor to adult female rats, we have observed alterations in the estrous cycle and the inhibition of corpus luteum formation (Kobayashi and Kobayashi, 1961) . These changes are considered to be due probably to a partial blockage of LH secretion, and suggest that this effect is mediated through adrenergic mechanisms within the hypothalamus.
Coincidentally with the estrous cycle, the monoamine oxidase activity in the hypothalamus showed cyclic fluctuation.
The mean value of monoamine oxidase activity of the posterior hypothalamus was significantly lower in proestrus than in the other stages, whereas the anterior hypothalamic monoamine oxidase activity remained without significant change during the estrous cycle. This increase temporarily during proestrus in the enzyme activity appeared to be of a specific character, as there was no change in the enzyme activities of the cortex.
We have previously reported that the anterior hypothalamic choline acetylase activities in estrus and proestrus were lower than those in the other two stages of metestrus and diestrus, whereas in the posterior hypothalamus and in the cortex no significant change was seen (Kobayashi et al., 1963a) . Thus, cyclic changes in the hypothalamus were characterized by the proestrous elevation in the monoamine oxidase and the proestrous-and-estrous depression in the choline acetylase activity; a reciprocal relationship was recognized between the enzymes especially in the proestrous stage ( fig. 1) . In addition, it should be noted that these changes of monoamine oxidase occurred in the posterior hypothalamus, and that the changes of choline acetylase occurred in the anterior hypothalamus.
These hypothalamic changes in female rats seemed to be of a specific character, because no fluctuations were seen in the cortex and hypophysis.
The finding of Everett et al. (1949) that the stimulus to ovulation occurs on the day of proestrus, would be in keeping with the specific changes of the monoamine oxidase and choline acetylase activities in the proestrous stage. Furthermore, inhibition of ovulation in rats can be accomplished by various adrenergic blocking agents when the administration is critically timed with respect to the stage of the cycle and the time of day (Sawyer et al., 1949a and c; Eeverett et al., 1949; Everett and Sawyer, 1949 , 1950 . Therefore, in the hypothalamus mechanism both adrenergic and cholinergic in nature may work to induce ovulation and to maintain the estrous cycle in rats.
The monoamine oxidase activity in the hypothalamus of the ovariectomized rat showed a marked elevation, whereas in the cortex no change in the enzyme activity was observed (Tables 3 and 4 ). The enzyme activity in the anterior hypothalamus fluctuated in a biphasic pattern during the earlier stages following castration, showing the highest values on the 7th and 30th day, and the lowest on the 14th day. In comparison with the anterior hypothalamus, however, the posterior hypothalamic activity did not fluctuate for 3 weeks after castration. But, thereafter, it showed a remarkable increase (Table 3) . These hypothalamic changes in the monoamine oxidase activities are consistent with the appearance of castration cells in the hypophysis and with the marked elevation of gonadotropin following castration.
As we have already reported (1963a), the choline acetylase activity fluctuated in a biphasec pattern only in the posterior hypothalamus, being the lowest on the 20th day after castration.
It is of interest that the monoamine oxidase activity in the hypothalamus was reciprocal to the choline acetylase activity after castration as well as during the estrous cycle. From these results, it would seem that the cholinergic and adrenergic mechanisms in the hypothalamus respond to ovariectomy and may play a role in increasing gonadotropin through a gonadopituitary negative feedback. This is compatible with the finding that ovulation in rats can be blocked by administration of reserpine or stalk-section of the pituitary.
A considerable part of the mechanism controlling the secretion of the hormones of the anterior pituitary involves the perticipation of many structures of the central nervous system. But the last stage of the neural system modulating the adenohypophyseal hormonal carrier is composed especially of the nuclei of the hypothalamus.
As to the nature of the ultimate information transmitted from the hypothalamus to adenohypophysis, it is now generally accepted to be neurohumoral, the so-called"releasing factors" (Harris, 1955) . It would seem that these substances (the releasing factors) proposed as hypothalamic mediators for the gonadotrophic hormones are controlled by cholinergic and adrenergic mechanisms in the hypothalamus. 
SUMMARY

